Carbon aerogels were prepared from Resorcinol/Formaldehyde (R/F) and Pyrogallol/Formaldehyde (P/F), dissolved in water, using sodium carbonate as a catalyst, water is interchanged with acetone and this with CO2 at 900 °C. The aerogels are activated with CO2. Aerogels were characterized by nitrogen adsorption of (N2) at -196 °C, thermogravimetric analysis (TGA), scanning electron microscopy (SEM) and Acid-base titration. The Pb (II) and Ni (II) adsorption were evaluated by isotherms from a simple solution. The solids obtained through R/F reaction have a structure with a high surface, up to 1064 m 2 /g, pore volume up to 0.582 cm 3 /g and a surface chemical composition influenced by the obtaining method, the nature of the precursors, the catalyst and the activation atmosphere, while those of P/F show surface areas of 103.6m 2 /g maximum. The thermally-treated aerogels showed better properties and in all cases, selectivity towards the lead.
INTRODUCTION
Some organic and inorganic substances can be released into the bodies of water as a result of domestic, agricultural and industrial activities. This leads to environmental contamination given their content of toxic substances, in relatively low concentrations, and bioaccumulative properties of some pollutants like heavy metals, which can affect the ecosystems and endangering public health 1, 2 . In order to minimize these effects some alternatives have been developed in order to allow the use of clean technologies and the recovery and reuse of solid waste. Regarding the handling of liquid effluents, different techniques have been used to purify them. The adsorption process on porous solids such as activated carbon is a technique that can be considered as a useful alternative for wastewater treatment 3, 4 . The development of new solids has allowed the efficient removal of contaminants in air and aqueous phase. In this document it is analyzed the adsorption of lead and nickel ions on carbon aerogels, the preparation techniques of these materials determine their adsorbing properties. Carbon gels have been studied for more than three decades due to their potential, since there are a wide variety of gels, depending on the precursors used and the method of preparation. The carbon gels are obtained from the polycondensation of hydroxylated benzenes (phenol, catechol, resorcinol, hydroquinone, etc.) and aldehydes (formaldehyde, furfural, etc.) in a solvent, followed by a drying step ADSORPTION and subsequent carbonization 5 . In 1989 Pekala 6 , synthesized the first organic gel obtained from the polycondensation of resorcinol and formaldehyde. Since then, this organic gel has been studied, and nowadays variants are still being produced in the preparation process through which carbon gels with particular properties are achieved 7 . The development of new porous solids such as carbon aerogels is of great interest since specific characteristics for the adsorption process can be obtained from the synthesis conditions. The selectivity of different ions before a particular type of adsorbing solid occurs due to the size of the pores of the material and the surface chemical composition, resulting in a specific selectivity 4, 8 . The pore volume, the surface area and the distribution and size of the pore, can be determined by the technique of gas adsorption 9, 10 . This paper studies the removal of metal ions of lead and nickel from aqueous solution by using Resorcinol/Formaldehyde and Pyrogallol/Formaldehyde organic aerogels. The materials are characterized by texture and chemically by adsorption of Nitrogen (N2) at -196 °C, thermogravimetric analysis (TGA), scanning Electron Microscopy (SEM) and acid-base titration. The ions metal adsorption was evaluated through the determination of isotherms which allow verifying that these solids have adequate properties for the adsorption from an aqueous solution with simulated contamination of metal ions proposed. Subsequently, the adsorption of the metal ions on aerogels was fitted by applying Langmuir and Redlich-Peterson models.
EXPERIMENTAL
The preparation of organic aerogels is performed by mixing resorcinol and formaldehyde (Ratio R/F=0.5) through the use of sodium carbonate as a catalyst at two different ratios (R/C=50 and 1500) in an aqueous solution according to the method described by Pekala 6 ; the experimental conditions used are summarized in Table- 1. The mixtures are agitated along a determined period of time and poured into cylindrical glass lid molds, they undergo a program of temperature, to achieve gelation and curing (24h at 30 ºC, followed by 24 hours at 50 ºC and finally at 90 ºC for 48 hours). The drying with supercritical CO2 is accomplished at 31 ºC and 74 bars. Resorcinol/Formaldehyde (R/F) = 0,5 or Pyrogallol/Formaldehyde (P/F) = 0,5 Na2CO3 (R/C=50 y R/C=1500) Catalyst Na2CO3 (R/C=50 y R/C=1500) Solvent Water Drying Supercritical conditions (41 °C, 120 bar) Carbonization N2 atmosphere , flow 100 mL/min, 900 °C, 180 min CO2 Activation Carbon aerogel was prepared via pyrolysis of the different organic aerogels at 900 °C under N2 atmosphere (100 ml/min) using the ramp cycle as: 25-250 °C (3 °C/min), held at 250 C for 30 min, 250-600 (1.2 °C/min,)and held at 600 C for 30 min, and 600-900 °C (2°C/min) and kept at 900°C for 180 min. In the CO2 activation process, the carbon areogels were heated in tubular furnace as carbonization from the room temperature to 900°C in 3 h with N2 flow rate of 100 ml/min, and retained at the temperature for 120 min under CO2 flow of 100 ml/min, then cooled down to the room temperature under N2 flow of 100 ml/min. The samples are known according to the following nomenclature: Ae= starting organic Aerogel; CAe = Carbonized Aerogel; AcAe= Activated Aerogel; RF=Resorcinol-Formaldehyde; PF=Pyrogallol-Formaldehyde The thermogravimetric analysis (TGA) was applied to the organic gels in order to determine the carbonization conditions. Subsequently, the gels are carbonized in a tubular oven in a nitrogen atmosphere with a flow of 100mL/min, at a heating rate of 2 ºC/min up to 900 ºC for 3 hours. carbonization occurs, it is activated in a tubular oven in a dioxide carbon atmosphere with a flow of 100mL/min, at a heating speed of 2 ºC/min up to 900 ºC for 3 hours 11, 12 . Another sample of the precursor will be obtained by substituting formaldehyde with pyrogallol. The textural parameters (surface area and pore volume) of solids are estimated by physisorption of nitrogen at -196 °C in automatic equipment IQ Quantachrome. The apparent surface areas and the micropore volume were determined by the BET equation and the Dubinin -Astakhov (AD) equation respectively 1 . The SEM micrographs were obtained in a JEOL microscope Model 6490-LV. The subsequent procedure entailed laying small fragments of the sample on the metal surface to achieve maximum contrast on the micrograph. The sample was then moved to the SEM camera and observed at an acceleration voltage of 5 KV at different magnifications (between 100 and 10.000 X) 13 . The proximate analysis for the estimation of moisture, ash and volatile material of samples is conducted under the stipulated ASTM standards. The content of fixed carbon is determined by the discrepancy respecting the rest of the tests 14 .
With the aim of estimating the total acidity and basicity of the surface of the carbon aerogels, solids are submerged into HCl and NaOH 0.1 M previously standardized solutions. In the methodology proposed, approximately 100 mg of the solid is submerged in 25 mL of the solution, in 50 mL plastic containers; at 25 ºC and in constant agitation for 48 hours; occasionally bubbling N2 in the solutions in order to remove environmental CO2. Finally, aliquots of 10.0 mL of the solutions with acid or base are titrated 15, 16 . The solutions of ions Ni (II) and Pb (II) are prepared with Merck®'s analytical grade reagents. For lead, they are prepared from PbNO3, for a nickel they are prepared with NiCl2
. 6H2O using double-distilled water. The range of concentrations employed for the study of the ions is from 20 to 100 mg/L. The examination of the calibration curves and solutions of the isotherms was conducted in an atomicabsorption spectrophotometer "Perkin Elmer, ANALYST 300". Five solutions of known concentration were prepared (20 to 100 mg/L). 50 mL of the solutions of Ni (II) and Pb (II) was placed in a 100 mL flask. Then, 0,500 g of the solid was added to the solution with constant agitation and constant temperature at 25 °C. The mixtures were left for 100 hours until the equilibrium was reached. The solution was filtered to remove the solid and to determine the equilibrium concentration 17 .
RESULTS AND DISCUSSION

Physicochemical characterization
The N2 adsorption isotherms at -196 °C for the starting aerogels and their modifications are shown in Fig.-1(a) to (c) and Table-2 presents the results for the textural characterization obtained from the experimental data of N2 adsorption. As observed in Fig.-1 to 3 , the starting organic aerogels (Ae) do not exhibit high textural parameters, with apparent surface areas between 2 and 10 m 2 /g, whose low values are not within the sensitivity range of the equipment, therefore it would be assumed that organic gels do not have an intrinsic porosity or it is blocked. In contrast, the CAe samples, in which organic gels have undergone a carbonization process up to 900 °C with a heating speed of 2°C/min, exhibit adsorption isotherms type I, where there is a knee at low relative pressures characteristic of microporous materials in accordance with the values of pore volumes obtained by applying the Dubinin-Astakhov model 1 . When examining the results, it is observed that CAeRF50 samples show an increase in the surface area and the microporosity since this resorcinol/catalyst relation generates a more stable structure that remains after thermal treatment 18 . The activated samples (AcAe) showed an increase in surface area with respect to the carbonized ones, the increase was between 40.7% and 500 % (see Table- 2); with respect to the carbonized sample (CAe). Taking into account that this type of treatments promotes the selective decomposition of oxygenated surface functional groups in CO and CO2 according to the thermal stability of each group 8 , this result confirms the degasification of the carbonized sample under the CO2 atmosphere, Table-2 micropore volume (Vo), the characteristic energy (E), the parameter (n) and the radius, these latter estimated by the Dubinin-Astakhov model. Resorcinol and formaldehyde are the most often used monomers for the preparation of the polymeric framework; the particles obtained from this mixture do not have micropores because of their low structure rigidity, while the aggregation of these units leads to the formation of a porosity intraparticle ranging from mesopores to macropores Comparing pyrogallol-formaldehyde with resorcinol-formaldehyde polymerization reaction, PF reacts more quickly; it can be associated to the structure of pyrogallol (See Fig.-2) , it has three adjacent hydroxyl groups, leaving three free sites on the ring. Reactivity considerations show that the hydroxyl groups enhance the reactivity of fourth and sixth position; this could eventually allow the formation of a tridimensional network during the polymerization reaction. Despite this, during the supercritical dying, some porous structures collapse, because of the low rigidity of the polymeric framework, while the porosity intraparticle are retained after drying Table-3 summarized the data obtained from the proximate analysis in each sample. The moisture percentage oscillates between 9,10 and 26,1 %, and the volatile material varies between 13,8 and 57,7%, being, in both cases, greater in organic aerogels, which is related to the wider surface chemistry of the organic gels and their precursors that promote the interaction with water molecules o the environment. Additionally, organic gels despite their polymeric structure exhibit a lower thermal stability than the carbonized and activated samples. At the same time, the fixed carbon is greater in the carbonized and activated solid samples, and decreases in the organic samples where the volatile material increases. Finally, in regards to the content of ash in the samples, it is found that this parameter remains uniform and must be originated by the use of the catalyst, in this case, the sodium carbonate. The thermogravimetric analysis (see Fig.-4 ) performed in organic gels shows that there are two differentiating stages during the thermal treatment 22 . In a first stage, up to 120 ºC, water and/or acetone, solvents employed during the gel synthesis, desorption takes place as well as residues resulting from the organic precursors utilized. In the second stage, between 200 ºC to 600 ºC, during the process of carbonization of the organic gel at low temperatures, the breakage of C-O bonds occurs and at higher temperatures, C-H bonds take place 23 . Table-4 shows the results obtained by the acid-base titrations. Based on the results obtained, the changes produced in the surface chemistry of each sample are evaluated according to the treatment to which it was subjected. It is observed that samples corresponding to precursor organic gels have a greater amount of acid-type superficial groups in relation to the carbonized and the activated samples. The evaluated groups come from the hydroxymethyl, methylene and ether-type radicals that originate the polymer, said groups, by the thermal treatment at 900 ° C, decrease drastically 24 . It is considered that the carboxylic groups decompose between 250 and 400°C, lactones between 400 and 650°C and phenols between 600 and 800°C, and at higher temperatures over 1000°C, quinones and pyrones groups decompose 8 . According to this it can be seen that the heat treatment effectively decreases the concentration of these groups on the surface. As for the basicity parameter of the surface, it is attributed to chromene and pyrone groups that can be formed in thermal treatments at high temperatures, but additionally this basic character is product of the electronic density given by the delocalized π electrons The importance of oxygenated groups on the surface and the surface area of aerogels in the adsorption of ions from aqueous solution has been highlighted by many authors 1, 4, 8, 9, 17, 25 . In general, it is considered that the removal of an ion is attributed mainly to the interaction of said groups and the ion through different mechanisms that involve specific interactions, although diffusional processes should also be favored with a suitable porous structure. Next, the solids of higher textural parameters (AcAeRF50, AcAeRF1500 and AcAePF1500) are evaluated in the adsorption of Pb (II) and Ni (II) ions and the effects of their properties on the adsorption capacity of the different samples (See Fig. -5) . Metal ion sorption on aerogels, which come from polyphenolic precursors (resorcinol and pyrogallol) is assumed that the ion removal occur through different mechanisms including: (i) formation of complexes of coordination between oxygen groups and cations; (ii) electrostatic attraction with π sites and valence orbitals of metal transition ions and (iii) ion exchange with protonated hydroxyl groups through proton exchange [25] [26] [27] [28] [29] [30] . In addition, the simple adsorption experiments were adjusted to different theoretical models, in Tables 5  and 6 and Toth models to the experimental data of adsorption. The patterns' adjustment parameters are calculated by the least squares method, employing Rosenbrock and quasi-Newton optimization algorithm. Langmuir's model seems to be more adjustable to the experimental data. Besides, the maximum adsorption capacity, represented in the QO model, is useful to compare the potential of adsorption capacity in each sample. In the tests developed, there is more adsorption capacity of Ni(II) in the sample AcAe RF 50 with 10.7mg/g which decreases at 3,25mg/g for AcAe RF 1500 y 1,52mg/g samples for AcAe PF 1500 . This behavior is related to the smallest amount of superficial groups produced in the treatment of activation. It is also observed that it exhibits a greater capacity of removing Pb (II), but the decrease in the maximum capacity of adsorption of the other samples is not as dramatic as in the previous case. This outcome allows concluding that acid groups and the surface area developed in sample AcAe RF 50 favor the adsorption of ions in aqueous solution and additionally, this sample shows a greater basicity which increases with thermal treatment. The models of three adjustment parameters described the experimental data of the adsorption of ions Ni (II) and Pb (II) more extensively. Among the models employed and according to the correlation coefficient, Toth's model demonstrated greater adjustment. This model is applied to heterogeneous systems and it derives from the potential theory; besides, it assumes a quasi-Gaussian energetic distribution, that is, most places show a lower energy with respect to the maximum energy of adsorption [26] [27] [28] [29] [30] , this is consistent considering that the surface of a carbonaceous porous solid is heterogeneous due to the chemical nature of the surface exposed to the adsorbate molecules. As the amount of surface groups and the available area increase, the greater capacities of adsorption are observed and consequently the specific interactions in the adsorption process are favored, which ratifies the importance of superficial groups and the establishment of specific interactions in the process of ions adsorption. 
CONCLUSION
Carbon aerogels depict satisfactory textural properties which allow a positive behavior in the treatment of simulated residual waters contaminated with metal ions of toxic metals such as Ni (II) y Pb (II). Thermal treatments modify textural and chemical properties in starting organic gels. A major stability for the porous structure of the sample ACAE RF 50 is noticed. These samples undergoing thermal treatment under carbon dioxide environment subsequent to the carbonization treatment presented an increase in the surface area. The activation treatment promotes the formation of acid and basic groups, in contrast with the carbonization treatment under nitrogen environment. Lastly, the solids activated in the adsorption of Ni (II) y Pb (II) ions from an aqueous solution were tested and the relations with the estimated physical-chemical parameters and the capacities of adsorption were established. From this, it can be concluded that the experimental data for the isotherms of adsorption of Ni (II) in solids decrease in comparison with the ones obtained by simple adsorption of Pb (II) ions; this demonstrates the selectivity of the solids prepared.
The functional groups perform a paramount role in the removal of metal ions, creating a synergic effect in terms of mechanisms between the adsorption and the ionic interchange. It could be established that nickel ions interact with acidic groups at a higher rate, evidenced by the drastic decrease of the adsorption capacity in the Pyrogallol samples.
